OBJECTIVE: Assessment of the effects of orlistat 120 mg three times daily vs placebo on weight loss and serum lipids in obese hypercholesterolemic patients. DESIGN: A 24 week multicentre, double-blind, randomized, placebo-controlled trial. After a 2-week single-blind run-in period (placebo þ diet (7600 kcal=day; 30% of calories as fat)), 294 patients were submitted to the hypocaloric diet and randomly assigned to either orlistat 120 mg or placebo three times daily. Patients who completed the double-blind study (n ¼ 255) were eligible for participation in a subsequent 24 week open-label orlistat extension phase. SUBJECTS: Patients with body mass index (BMI) 27 -40 kg=m 2 and hypercholesterolemia (low-density-lipoprotein cholesterol, LDL-C, 4.1 -6.7 mmol=l). MEASUREMENTS: Efficacy assessments included weight loss, lipid levels, other cardiovascular risk factors and anthropometric parameters. Safety assessments. RESULTS: Weight loss during run-in was similar in both groups. After randomization, orlistat-treated patients lost significantly more weight than placebo recipients: mean percentage weight loss from start of run-in to week 24 was76.8% in the orlistat group and 73.8% in the placebo group (P<0.001). Moreover, more patients in the orlistat group than in the placebo group achieved clinically meaningful weight loss of ! 5% (64 vs 39%) or ! 10% (23 vs 13%) at week 24. Treatment with orlistat was associated with significantly greater changes in total cholesterol (711.9% vs 74.0%; P<0.001) and LDL-C (717.6 vs 77.6%; P<0.001). For any category of weight loss during the double-blind treatment period, change in LDL-C was more pronounced in orlistat-treated patients than in placebo recipients, indicating that orlistat had a direct cholesterol-lowering effect that was independent of weight reduction (P<0.001). Adjunction of orlistat during the extension phase in patients who initially received placebo induced a further decrease in weight, total cholesterol and LDL-C. Orlistat was generally well tolerated with a safety profile comparable to placebo, with the exception of a higher incidence of gastrointestinal events ( ! 1 event in 64 vs 38% of patients). CONCLUSION: Orlistat as an adjunct to dietary intervention promotes weight loss and reduces LDL-C beyond the effect of weight loss in overweight or obese patients with concomitant hypercholesterolemia.
Introduction
Dyslipidemia is a frequent co-morbidity of obesity and a major risk factor for coronary heart disease. Increases in body fat mass and=or in visceral fat are associated with elevated total cholesterol (TC), low-density-lipoprotein cholesterol (LDL-C), and triglyceride (TG) levels, and with a decrease in highdensity-lipoprotein cholesterol (HDL-C). 1 Weight loss pro-duced by lifestyle modifications, including diet and increased physical activity, reduces serum TG and increases HDL-C, and generally produces some reductions in serum TC and LDL-C. 2, 3 Unfortunately, long-term -even modest -weight loss is difficult to achieve. 4 Accordingly, there is a need for pharmacological agents as adjuncts to lifestyle changes aimed at promoting and maintaining weight loss. 5 -8 Orlistat (Xenical) is a non-systemically acting agent for the long-term management of obesity, that partially blocks dietary fat absorption by inhibiting gastrointestinal lipases. 9 Orlistat in combination with a mildly hypocaloric diet promotes weight loss, enhances long-term weight maintenance after weight loss and improves serum lipid profiles. 10 -15 The majority of patients in previous long-term studies of orlistat had normal or only mildly elevated cholesterol levels. The lipid-lowering effect of the drug may thus have been underestimated. A 6 month, multicentre, randomized, placebo-controlled study was therefore conducted to assess the effects of orlistat on body weight and serum lipids in obese patients with hypercholesterolemia (LDL-C 160 -260 mg=dl; 4.1 -6.7 mmol=l). Patients who completed the double-blind study without protocol violation were eligible for participation in a subsequent 6 month open-label orlistat extension.
Materials and methods

Patients
Obese (body mass index (BMI) 27 -40 kg=m 2 ) men and women, aged 18 -70 y, with fasting serum LDL-C 4.1 -6.7 mmol=l and TG<4.5 mmol=l (<400 mg=dl) were eligible for inclusion. Patients with serious diseases, diabetes or uncontrolled hypertension, and women of childbearing potential without adequate contraception were excluded. Other exclusion criteria were: previous bariatric surgery; use of appetite suppressants or lipid-lowering agents; evidence of alcohol or substance abuse. The study conformed with the Declaration of Helsinki. The study protocol was approved by the ethics committee of all centres, and all patients gave written informed consent.
Study design
This 50 week multicentre trial was conducted in 19 centres in Belgium. A 2 week, single-blind, placebo three times daily run-in period was followed by a 24 week, double-blind, randomized, parallel-group, placebo-controlled phase. All patients who completed the double-blind phase without protocol violations were subsequently offered the option of entering a 24 week open-label orlistat extension phase.
Eligible patients (>75% compliance with therapy calculated from the number of placebo capsules returned; and <1.0 kg weight gain during run-in) were randomly assigned to either orlistat 120 mg or placebo three times daily after being stratified according to study center and to weight loss during run-in ( 2.0 vs >2.0 kg). Clinic visits occurred at the start and end of run-in, monthly during the double-blind phase, and at weeks 28, 36 and 48 during open-label extension.
Diet
Patients were instructed on a nutritionally balanced lowenergy diet containing 30% of energy as fat at the start of placebo run-in. The energy content of the diet of individual patients was calculated from estimated total daily energy expenditure minus 600 kcal=day (1 kcal ¼ 4.2 kJ). Total daily energy expenditure was estimated by multiplying the basal metabolic rate, calculated from weight, age and sex according to World Health Organization formulas, by 1.3 or 1.5 according to level of daily physical activity. 16 The lowest energy intake allowed was 1200 kcal=day. Patients were encouraged to take three main meals per day. The patients met a dietician to assess dietary compliance at randomization, and at weeks 4, 12 and 24. The initially prescribed diet was to be maintained during the open-label extension period.
Assessments
Patients were weighed using calibrated scales at each clinic visit. Patients wore light indoor clothing and no shoes. Other efficacy parameters, which were determined after the patients had fasted overnight at weeks 72, 0, 12, 24 and 48, included lipid and lipoprotein levels (TC, LDL-C, HDL-C, TG, lipoprotein(a)), other cardiovascular risk factors (plasma glucose and insulin, fibrinogen, blood pressure), and waistto-hip ratio. Waist and hip circumferences were measured while the patients were standing with their weight balanced over both feet, and while they were in mid-exhalation. The waist circumference was measured at the level midway between the lateral lower rib margin and the iliac crest. The hip circumference was measured at the level of the trochanters, through the pubic symphysis.
All clinical chemistry tests of outcome measures were analysed centrally (Barc Laboratories, Ghent, Belgium), using standard methods. LDL-C was calculated using the Friedewald formula. Standard hematological, clinical chemistry and urinalysis assessments were performed at weeks 0, 12, 24 and 48. Adverse events were coded using the WHO-ART dictionary.
Sample size
Sample size was determined on the basis of on-treatment percentage weight change. The s.d. of this variable was anticipated to be 6.5%. A 2.6% difference between placebo and orlistat would be judged to be clinically relevant. With 100 evaluable patients in each treatment group, there would be a 80% probability of showing such a 2.6% difference (an effect size of 0.4) at the 0.05 significance level (two-sided).
Assuming that approximately 30% of patients would not be Orlistat in obesity with hypercholesterolemia E Muls et al fully evaluable, the total number of patients to be randomized was estimated to be 284. The planned sample size of 350 patients for entry into the run-in phase was based on the assumption of withdrawal rates of 20% during the placebo lead-in period.
Statistical analysis
The statistical analysis was performed using the SAS software package. Statistical tests were performed two-tailed at the 0.05 level of significance, and interaction was tested at the 10% level of significance. No correction for multiplicity was applied since the statistical analysis plan, agreed upon before database lock, made a clear distinction between the primary efficacy parameter (percentage weight change from week 0 to week 24) and supportive efficacy variables. The statistical analysis was primarily based on the intention-to-treat (ITT) population, ie all patients who were randomized and for whom any follow-up information was available. The ITT data set included observed data and data from the last Figure 1 Flow and dispositions of subjects entered into the study (ITT ¼ intention to treat).
Orlistat in obesity with hypercholesterolemia E Muls et al observation carried forward. The data recorded at randomization were defined as baseline. The statistical testing of efficacy data considers the evolution from baseline to week 24, ie during the double-blind phase of the study. The evaluation of the percentage change in weight and lipids was performed using two-way analysis of variance, controlling for treatment weight change during run-in ( 2.0 vs >2.0 kg). Least square estimates of treatment effect were made after removal of non-significant terms from the ANOVA model. The relationship between variables was quantified by means of the Pearson correlation coefficient. The w 2 test was used to compare the frequencies of patients with adverse events among treatment groups. Changes of variables from week 72 onwards, and from week 24 to 48 (open-label phase) are given for descriptive purposes only.
Results
A total of 441 patients entered the 2 week placebo run-in period ( Figure 1 ). One-hundred and forty-seven subjects (33%) were not eligible for entry in the double-blind treatment phase, of whom 129 had LDL-C levels at week72 outside the 4.1 -6.7 mmol=l inclusion criterion range. Two-hundred and ninety-four subjects were randomized to placebo or orlistat 120 mg three times daily. Four early withdrawals, all assigned to placebo, reduced the ITT population to 290 patients (placebo, n ¼ 143; orlistat, n ¼ 147). Patient characteristics at randomization were similar in the placebo and orlistat ITT populations (Tables 1 and  2 ). In the ITT population, of 216 patients with 2.0 kg weight loss during run-in, 106 received placebo and 110 received orlistat, while of 74 subjects with run-in weight loss>2.0 kg, 37 were allocated to placebo and 37 to orlistat. The double-blind phase was completed by 255 subjects (placebo, n ¼ 127, 89%; orlistat, n ¼ 128, 87%). Among 35 non-completers, 16 withdrew due to adverse events (placebo, n ¼ 4; orlistat, n ¼ 12), five dropped out because of insufficient therapeutic response (placebo, n ¼ 4; orlistat, n ¼ 1), and 14 patients were lost to follow-up or did not cooperate (placebo, n ¼ 8; orlistat, n ¼ 6).
A total of 248 completers of the double-blind phase were subsequently enrolled in the orlistat open-label extension study. Six subjects, of whom two had previously received orlistat and four placebo, were lost to follow-up immediately after entry into the extension period. Data at week 48 were available in 242 patients, of whom 121 (50%) had previously received orlistat.
Weight loss
Initial mean percentage weight loss during run-in was 71.6 and 71.5% in the future placebo and orlistat groups, respectively ( Figure 2 ). After randomization, orlistat-treated Orlistat in obesity with hypercholesterolemia E Muls et al patients achieved a more rapid and significantly greater weight loss than placebo recipients: at week 24, additional mean percentage weight change was 72.3% in the placebo group, and 75.3% in the orlistat group (P<0.001) ( Table 2) . Thus, mean percentage weight loss from the start of run-in to week 24 was 73.8% in placebo recipients, and 76.8% in orlistat-treated subjects. More patients in the orlistat group than in the placebo group had lost ! 5% of initial body weight at week 24 (64% vs 39%), and, similarly, more patients on orlistat than on placebo had lost ! 10% of initial body weight (23% vs 13%). The difference in percentage weight change at week 24 between treatment groups was comparable for subjects having lost less and for those having lost more than 2.0 kg during run-in: 71.1% for placebo, and 74.2% for orlistat if 2.0 kg weight loss during run-in; and 75.5% for placebo, and 78.4% for orlistat if >2.0 kg weight loss during run-in. Similarly, weight loss during the first 4 weeks after randomization was correlated with weight loss at week 24 in both the placebo (r ¼ 0.330, P<0.001) and the orlistat group (r ¼ 0.343, P<0.001). Changes from baseline to week 24 in waist to hip ratio were not statistically significant, but waist circumference tended to decrease in the orlistat group (P ¼ 0.08).
During open-label extension, a further decrease in weight was observed, as expected, in the former placebo group, whereas in patients who continued orlistat treatment, weight-loss was maintained. At week 48, mean percentage weight-loss from baseline and start of run-in, respectively, was 75.6% and 77.2% in the former placebo group, and 75.3% and 76.9% in the group receiving orlistat throughout 48 weeks (Figure 2 ).
Lipids and lipoproteins
In both groups, a 6% decrease in TC levels was observed during run-in. After randomization, TC concentrations continued to decline in orlistat-treated subjects, but started to increase in the placebo group. At week 24, orlistat treatment was associated with significantly greater additional changes in TC (75.5% from baseline with orlistat vs þ 2.8% with placebo; P<0.001; Table 2 ), corresponding to a 0.42 mmol=l decrease in the orlistat group vs a 0.14 mmol=l increase in the placebo group. TC levels were similar at the end of openlabel extension (week 48) in both groups (placebo, 6.47 AE 0.93 mmol=l; orlistat, 6.47 AE 0.97 mmol=l).
LDL-C declined in both groups during the lead-in period and continued to decrease in the orlistat group during double-blind therapy (Table 2; Figure 3 ). In the placebo group, LDL-C remained largely unchanged during doubleblind treatment despite further weight loss. Thus, after 24 weeks, mean percentage change in LDL-C from baseline was significantly greater in the orlistat group than in the placebo group (710.7% vs 70.7%, respectively; P<0.001). The percentages of randomized patients achieving ! 10% or ! 20% LDL-C decreases from baseline were 25.2 and 12.6% in the placebo group, and 54.4 and 23.8% in the orlistat group. Mean percentage changes in LDL-C from start of run-in were Orlistat in obesity with hypercholesterolemia E Muls et al 717.6% and 77.6% in the orlistat and placebo groups, respectively. Mean percentage change in LDL-C from baseline to week 24 was not related to average percentage weight change in the placebo group (r ¼ 0.067; P ¼ 0.46), nor in the orlistat group (r ¼ 0.130; P ¼ 0.14). For any category of weight loss during double-blind treatment, ie from actual weight gain to >10% weight loss, change in LDL-C was more pronounced in orlistat-treated patients than in placebo-treated subjects, indicating that orlistat had a direct cholesterollowering effect that was independent of weight reduction (Figure 4) . LDL-C values after open-label use of orlistat were similar in both groups (Figure 3) .
Acute weight loss during the run-in phase resulted in decreases in HDL-C levels in both groups. The extent of the subsequent increase in HDL-C concentrations in both treatment arms during the double-blind phase was more pronounced in the placebo group (P<0.001; Table 2 ). HDL-C concentrations were comparable at the end of the extension phase (placebo, 1.59 AE 0.38 mmol=l; orlistat, 1.52 AE 0.37 mmol=l). No significant differences were observed between treatments in LDL-C=HDL-C ratio, TG, or Lp(a) ( Table 2 ). Small decreases in glucose, insulin, diastolic blood pressure, and systolic blood pressure were not statistically significant.
Adverse events
Adverse events were more frequently reported in the orlistat group (80%) than in the placebo group (67%; P ¼ 0.016), due to a higher incidence of gastrointestinal events in the orlistat group (64 vs 38%). The most frequently reported adverse events were liquid stools (orlistat, 23%; placebo, 8%), increased defecation (orlistat, 22%; placebo, 5%), loose stools (orlistat, 16%; placebo, 3%), decreased defecation (orlistat, 3%; placebo, 12%), and bronchitis (orlistat, 11%; placebo, 6%). During open-label extension, adverse events were more frequently reported in the former placebo group (81%) than in the former orlistat group (59%).
Discussion
The present study was designed to evaluate the effects of orlistat on weight loss and on cardiovascular risk factors, in particular on serum lipids, in obese patients with hypercholesterolemia. The main findings were that orlistat promotes clinically significant weight loss, and that it reduces LDL-C beyond the effect of weight loss in obese patients with elevated cholesterol levels. Our data support the conclusions of previous controlled trials: partial inhibition of dietary fat absorption with the gastrointestinal lipase inhibitor orlistat, in conjunction with a hypocaloric diet, promotes weight loss of 6 -10% and improves long-term weight maintenance in obese individuals. 10 -14,17,18 Such a degree of modest, intentional weight loss followed by weight maintenance, rather than a target of ideal weight, is in keeping with current guidelines for the management of obesity. 2, 6, 19 In addition, orlistat has an acceptable tolerability profile and a lack of systemic adverse effects. 18 In the present study, run-in weight loss and weight loss during the first 4 weeks of double-blind treatment were predictors of longer-term weight loss at week 24 in both the orlistat and the placebo group. This observation is Figure 3 Mean percentage change in low density-lipoprotein (LDL cholesterol) (orlistat 120 mg three times daily vs placebo).
Orlistat in obesity with hypercholesterolemia E Muls et al important for clinical practice since previous analyses of weight loss intervention studies have shown that a greater initial weight loss as the first step of a weight management program is associated with a better long-term outcome, ie a sustained weight loss 1 -5 y later. 20 The improvements in lipid profiles that were observed during the diet-placebo lead-in period of this study are in agreement with a meta-analysis, conducted by Datillo and Kris-Etherton, 21 on the effects of weight loss on plasma lipids and lipoproteins. It was estimated that for every 1 kg reduction in body weight there is 0.05, 0.02 and 0.015 mmol=l decrease in TC, LDL-C and TG, respectively. In addition, for every 1 kg decrease in body weight, a 0.007 mmol=l decrease in HDL-C occurred in subjects actively losing weight, and a 0.009 mmol=l increase in subjects at stabilized, reduced weight. 21 Baseline risk factors, the magnitude of weight lost, and exercise can influence the degree of change in lipid profile. 1, 3, 22 Weight loss and dietary fat modification appear to have independent and additive effects on the reduction in serum lipids: the net favourable effect of weight loss seems to be greater than that of dietary fat modification, as weight loss per se is responsible for about 60 and 70% of the fall in LDL-C and TG, respectively. 23 Orlistat has been shown previously to have a positive effect on obesity-associated cardiovascular risk factors and type 2 diabetes. 15, 17 The present study extends these beneficial effects of orlistat on cardiovascular risk as it demonstrates, compared with placebo, an additional 10% LDL-C lowering in obese subjects with elevated LDL-C levels (Table 3 ). For comparison, Table 3 also provides mean percentage changes in LDL-C at week 24 of double-blind treatment in three previous 2 y controlled trials, where the majority of patients were normocholesterolemic at baseline. 10 -12,24 These data indicate that the difference in mean percentage change in LDL-C between orlistat and placebo is roughly 10% in all studies, whether this difference is computed as change from the start of the single-blind placebo dietary run-in or from the start of double-blind treatment. It is noteworthy that LDL-C levels continued to decline after the start of double-blind treatment in orlistat-treated subjects in all trials, but that LDL-C either remained largely unchanged or increased during double-blind therapy in placebo recipients, despite further weight loss (Table 3 ). In addition, our data are in agreement with the 10% LDL-C decrease previously seen with orlistat 120 mg three times daily in non-obese patients with primary hyperlipidemia, who were kept on a weight maintenance diet. 25 This independent cholesterol-lowering effect is likely to reflect the ability of orlistat to reduce intestinal energy uptake from fat. 10, 26 Since lipase inhibition by orlistat prevents the absorption of approximately 30% of dietary fat intake, the prescribed diet of 30% of energy from fat would thus become in effect a 20 -24% fat diet when associated with orlistat treatment. 9, 11 It has been hypothesized that inhibition of gastrointestinal lipase activity may lower the solubility of cholesterol through a reduction in the amounts of fatty acids and monoglycerides present in the gut, and=or may lead to sequestration of cholesterol within a more persistent oilphase in the intestine. 15 Partial inhibition of intestinal fat and cholesterol absorption probably leads to decreased hepa- Figure 4 Change in LDL cholesterol (%) according to weight change category during the double-blind treatment period (intention-to-treat population; orlistat 120 mg three times daily vs placebo).
Orlistat in obesity with hypercholesterolemia E Muls et al tic cholesterol and saturated fatty acid concentrations, upregulation of hepatic LDL receptors, and decreased LDL-C levels. The decrease in LDL-C observed in the present study is comparable to the 14% LDL-C reduction that was previously achieved with a plant stanol ester-containing margarine 27 but of a lesser magnitude than the LDL-C lowering effects that are commonly observed with fibrate 28 or statin 29 drugs.
Conclusion
Orlistat as an adjunct of dietary intervention promotes weight loss and reduces LDL-C beyond the effect of weight loss in overweight or obese patients with concomitant hypercholesterolemia. Orlistat in obesity with hypercholesterolemia E Muls et al
